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P olicymakers and health system managers have long argued that use of the emergency department (ED) for conditions preventable with high-quality outpatient care contributes to waste and inefficiency within the U.S. healthcare system and delays care for patients with emergent conditions. The Agency for Healthcare
Research and Quality (AHRQ) suggests that the quality and efficiency of the U.S. healthcare delivery system can be improved by reducing potentially preventable ED visits. 1 Ambulatory care sensitive conditions (ACSC) are defined by AHRQ as conditions for which timely and appropriate outpatient care can prevent disease complications, more severe disease, or need for hospitalization. 2 Hospital-based care for ACSCs provide insight into the quality and efficiency of the local healthcare delivery system and services outside the hospital setting. 2 Thus, ACSCs can be thought of as a snapshot of community health service quality and unmet community healthcare needs. 2 The ability to access high-quality outpatient care is not only reflected in the need for hospital admission but also in resource-intensive ED encounters. 3, 4 Between 2008 and 2012, there was an 11% increase in potentially preventable ED visits in the United States and traditionally underserved, minority populations and individuals residing in high-poverty neighborhoods appear to be most at risk for preventable ED visits. 3, 4 In addition to well-established measures of healthcare disparities such as race and socioeconomic status, limited health literacy is a characteristic associated with underserved and vulnerable populations that can lead to disparities in healthcare access, use, and outcomes. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Individuals with limited health literacy not only use the ED more frequently than those with adequate health literacy, but they are more likely to return to the ED after an initial encounter. 9 However, the impact of limited health literacy on ED visits that are preventable with timely and effective ambulatory care is unknown. The objective of this study was to determine the association of health literacy with preventable use of the ED.
METHODS

Study Design and Setting
We conducted an observational, cross-sectional study in an ED serving a moderately sized urban community of 250,000 and college campus in Florida with a 13-county catchment area. The ED is associated with one of only two healthcare systems in Alachua County, Florida. The authors adhered to STROBE guidelines for cross-sectional studies in conducting and reporting the study.
Study Population
The ED is a tertiary referral center with approximately 90,000 patient visits annually. The ED serves a diverse population (28% African American; 62% white) with a range of payer sources (40% public, 36% private, and 24% uninsured).
Participant Recruitment
We conducted patient recruitment for 18 months, ending in December 2015. We considered patients eligible to participate if they were English-speaking (considered English as their first language) and were able to provide written informed consent. Exclusion criteria included severely impaired vision, hearing problems, being in police custody, or being too ill to participate (e.g., hemodynamic instability, respiratory compromise).
Trained research associates (RAs) approached patients based on the arrival patterns of the general ED population in the 12 months before study entry. For example, if 30% of the general ED population presented on weekends during a given month in the preceding year, 30% of recruitment occurred on the weekend for that month. Using systematic sampling, RAs approached every sixth patient during 12-hour recruitment periods, conducted the informed consent process, and documented reasons for refusal. Research staff informed patients that study participation was voluntary. The University of Florida Institutional Review Board approved the study and data collection in advance.
We derived measures of the outcome, predictor, and potential confounding variables from information obtained from a structured interview (health literacy assessment, age, sex, race, ethnicity, employment and marital status, number of comorbid illnesses, self-rated health, and access to a primary care provider) and review of the electronic health record (payer status, ACSC ED visits, emergency severity index [ESI] ). To minimize missing data bias, RAs conducted the structured interview and reviewed the survey for completion before patients' discharge from the ED.
Health Literacy
The primary predictor variable was health literacy assessed by the Rapid Estimate of Adult Literacy in Medicine (REALM), a reading recognition test comprised of 66 health-related words arranged in ascending order of difficulty. 17, 18 REALM scores are highly correlated with standardized reading tests and the Test of Functional Literacy in Adults and are related to an array of health outcomes. 19 Limited health literacy is defined as a score less than 61 (eighth grade or lower reading level) and adequate literacy defined as a score of ≥61 (ninth grade or above reading level). 19 
Potential Confounding Factors
We identified potential confounding factors a priori, which included age; sex; race (collapsed into African American vs. not); ethnicity (Hispanic vs. not); marital status (response items included single/never married, separated/divorced, married, and widowed and dichotomized as married vs. not married); employment status (yes vs. no); payer status (response items included Medicaid, Medicare, Private, and none dichotomized as private vs. not private); self-rated health (response items included very good, good, fair, poor, dichotomized as good, not good, don't know, and refused; ESI (response items included 2, 3, 4, and 5 dichotomized as urgent (ESI 2) vs. less urgent (ESI 3-5); 20 access to primary care provider (yes vs. no); and number of comorbid illness (≤ 2 or >2). We dichotomized number of comorbid illnesses based on unpublished observations that individuals with more than two chronic health problems require more informational support after an ED visit than those with fewer than chronic health conditions. We used 1/0 indicators for binary variables.
Key Outcome Measure
The primary outcome measure was potentially preventable ED visits for an ACSC based on the final primary ED diagnosis documented by ICD-9 or ICD-10 codes using AHRQ's prevention quality indicators (PQIs) for adults. 21 The PQIs are population-based measures adjusted for age and sex. 4 We included all ED visits in the 2 years before the visit in which the patient consented to study participation in the administrative review for ACSCs. Consistent with prior research on ACSC ED visits, we excluded five of the 16 adult PQIs because their denominators are not based on the general adult population (perforated appendix, low birthweight, pediatric asthma, pediatric gastroenteritis) or they do not represent an ED diagnosis (lower-extremity amputation in a diabetic). 3, 4 We determined the number of potentially preventable treat-and-release ED visits, the number of preventable ED visits resulting in hospital admission, and the frequency of preventable visits for each of the 11 cause-specific adult PQIs. We identified potentially preventable ED visits, using AHRQ QI Windows Application Version 4.1a and SAS 9.4 statistical software to flag the primary ED diagnosis codes used to identify the 11 ACSCs in hospital administrative data.
Sample Size Determination
Based on prior literature, we anticipated a 30% difference in preventable ED visits in those with adequate compared to limited health literacy. 6, 8, 22 We needed approximately 1,320 participants (1:2 limited/adequate health literacy) at baseline to have 80% power to detect this difference in ED use at the alpha 0.05 level with an anticipated 10% screening failure or drop-out rate.
Data Analysis
We assessed differences in baseline characteristics between patients with limited and those with adequate health literacy using chi-square tests (binary measures) or the t-test (continuous measures). We determined frequencies for each of the 11 adult PQIs for a dichotomous classification of PQIs into acute (dehydration, pneumonia, urinary tract infection) or chronic (diabetes, chronic obstructive pulmonary disease, hypertension, congestive heart failure, angina, asthma) conditions as described in prior research. 3 We assessed visit rate comparisons between patients with limited versus adequate health literacy, after controlling for other potential confounding factors by multiple Poisson regression. This is similar to logistic regression, except this approach accounts for repeated measures for the ED outcome variable (number of events by the same patient). We interpreted the risk ratio as the ratio of the expected number of events per 1-unit increase in the covariate of interest, adjusted for all other covariates in the model. For binary covariates, we used the ratio of expected number of positive events (listed first) to negative (listed second). We then used a random-effects meta-analysis to calculate the relative risk of an ED visit being potentially preventable based on health literacy level. Patients take the metaanalysis role of "study." Each patient provides a contribution to the "numerator" the number of encounters that had a positive outcome and to the "denominator," the number of encounters at risk for the outcome. For limited and adequate health literacy groups separately, we constructed a ratio estimate as the sum of the numerator contributions (total number of encounters that had a positive outcome), divided by the denominator (total number of encounters at risk for a positive outcome). Using natural logs followed by antilogs, we obtained a point estimate and 95% confidence intervals (CIs) for the probability of a positive outcome in each group, as well as for the relative risk ratio. We considered risk ratio 95% confidence limits that exclude the null value of 1.00 statistically significant.
RESULTS
Patient Characteristics
Approximately 1,600 patients were eligible and asked to participate in the study. Of the 1,320 participants who agreed to participate, 119 were excluded from final data analysis because they did not complete the REALM. The most common reason for refusal to participate was not feeling well.
Baseline participant characteristics are indicated in Table 1 . Of 1,201 study participants, 709 (59%) were female and 370 (31%) were African American. Mean age was 41.6 years. In all, 321 (30%) of enrollees had private insurance, 780 (66%) reported good overall health, and 394 (33%) had limited health literacy.
Frequency of ED Visits for ACSCs
In the 2 years before index ED visit, the 1,201 study participants made 4,444 total ED visits. Of these, 423 (9.5%) were for an ACSC and were considered potentially preventable. Of the preventable ED visits, 61% (260) resulted in hospital admission and 39% (163) were treat-and-release. Frequency of ED visits for each ACSC is shown in Table 2 . The most common conditions among the 11 ACSCs were chronic obstructive pulmonary disease (23.88%), urinary tract infection (16.78%), diabetes long-term complications (13.48%), and hypertension (10.4%). Overall, 26.5% of visits were for acute ACSCs and 73.5% for chronic ACSCs.
Health Literacy and Potentially Preventable ED Visits
Results for the multiple Poisson regression analysis are presented in Table 3 . After potential confounding factors were adjusted for, patients with limited health literacy were estimated to have 2.3 times (95% CI = 1.75-3.10) the number of potentially preventable ED visits resulting in hospital admissions compared to individuals with adequate health literacy, 1.4 times (95% CI = 0.99-2.03) the number of preventable treat-and-release ED visits (not statistically significant), and 1.9 times (95% CI = 1.55-2.40) the number of total preventable ED visits. Relationships with the other covariates are described in Table 3 . Table 4 describes the outcomes of the random-effects meta-analysis. For total ED visits, the estimated probability the visit was preventable was 1.62 times higher for those with limited compared to those with adequate health literacy (95% CI = 1.09-2.41). For ED visits resulting in hospital admission, the estimated probability that the ED visit was preventable was 1.65 times higher for those with limited, compared with adequate health literacy (95% CI = 1.07-2.54). There was no statistically significant association between health literacy and preventable treat-and-release ED visits.
Relative Risk of a Visit Being Potentially Preventable
DISCUSSION
Limited health literacy has serious consequences for patients. Individuals with limited health literacy get less better reading skills. Those with limited health literacy and heart failure are more likely to die of their condition than patients with adequate literacy. 10, 11 Our investigation is the first to demonstrate that individuals with limited health literacy also have more potentially preventable ED visits than patients with adequate health literacy. Consistent with prior reports, 9.5% of ED visits made by participants during the study period were potentially preventable, 3 but importantly, most (61%) preventable ED visits made by patients with limited literacy resulted in hospital admission. In addition to the traditionally underserved populations such as minorities and the poor that were identified in a national sample as being at risk of potentially preventable ED visits, 3 we identified limited health literacy as a significant risk factor for these resource-intensive healthcare system encounters.
Preventable ED visits compound the already wellrecognized burden of limited health literacy on patients by fragmenting their care and health information among multiple sites. The medication errors, adverse medical events, and increased healthcare costs associated with potentially avoidable ED visits are additional burdens suffered by those with limited health literacy. 24, 25 Potentially preventable ED visits also have a negative impact on the healthcare delivery system. EDs across the United States face heavy demand for service with 133.6 million ED visits reported in 2013. 26, 27 ED use has increased from 366 ED visits per 1,000 people in 2000 to 423 per 1,000 in 2013, while the total number of EDs has decreased from 4,650 to 4,440. 27 As a result of increased use and decreased number of EDs, ED crowding has led to longer wait times, delays in treatment interventions, more medical errors and adverse events, and increased mortality. 28, 29 Preventable ED visits, especially those associated with hospital admission, contribute to ED crowding and are logical targets for interventions. Our finding that most potentially preventable ED visits were associated with hospital admission highlights the high cost of limited health literacy both to patients and to the healthcare delivery system.
Considering the weight of evidence regarding the negative impact of limited health literacy on patients and the healthcare system, it is no surprise that the Department of Health and Human Services, 30,31 other government agencies, and federal initiatives emphasize health literacy as a research and healthcare priority. 32 There is some evidence that literacy-sensitive interventions in clinical settings outside the ED improve outcomes in individuals with limited health literacy. For example, mixed-strategy interventions designed for patients with limited health literacy and diabetes, hypertension, heart failure, or asthma; improve physiologic measures of disease control; reduce costly hospital-based care, including ED visits and hospital admissions; and increase chronic disease knowledge and self-management skills. [33] [34] [35] [36] [37] [38] [39] [40] [41] Strategies that improve accessibility and usability of health information and improve outcomes in patients with limited health literacy include using plain language, focusing on action items, limiting the number of key messages, acknowledging and respecting patients' cultural preferences, and checking patients' understanding by asking them to restate or "teach back" health information. 42 A literacy-sensitive quality improvement project designed for patients with uncontrolled hypertension in rural North Carolina targeted both practice and patient activities and improved patients' blood pressure control in part by promoting behavioral change among patients as well as care teams. 41 Our results suggest that the ED may be an important site to deploy universal literacy-sensitive precautions and to test future literacy-sensitive interventions with the goal of reducing the burden of potentially preventable ED visits on patients and the healthcare system. 44 We chose to build on the work of AHRQ and others 3, 4, 21 by defining a potentially preventable ED visit as a visit for an ACSC identified through hospital ED discharge data. A limitation of using ED discharge data is lack of clear guidelines on whether to use first-listed or any-listed diagnosis for ED visit classification. We and others have addressed this issue 45, 46 and we recently reported that overall agreement between patient record review and administrative claims was higher using first-listed ED diagnoses compared with any-listed ED diagnoses. 45 A limitation of using ACSCs to define an ED visit as potentially preventable is that factors outside the direct control of the healthcare system such as inadequate housing, nutrition, unsafe neighborhoods, drug and alcohol abuse, and mental illness are not directly captured by the ACSCs. 2 Conversely, just because an ED visit is flagged as potentially preventable does not mean the visit was not appropriate and necessary given the patient's unique circumstances. Another limitation is that our study was conducted in the ED and may not capture the healthcareseeking behavior of individuals with limited health literacy recruited from the broader community or primary care settings. Although we attempted to minimize missing data bias by having RAs review survey completion before patient ED discharge, some patients did not complete the REALM and were withdrawn from the final data analysis. This could have impacted study results if those with predominantly limited or adequate health literacy were withdrawn. Further, although we adjusted for important covariates, there are likely unmeasured confounders (environmental factors, substance use, mental health conditions) limiting our ability to identify a causal relationship between health literacy and preventable ED visits. Finally, the ACSC measures have the greatest value when calculated at the population level. Despite these limitations, the ACSCs offer an inexpensive, easy-touse tool and credible starting point to assess the impact of the quality of community health care and unmet community healthcare needs on the ED.
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CONCLUSIONS
Limited health literacy is a risk factor for potentially preventable ED visits, particularly those that result in hospital admission. Efforts to reduce ED use for potentially preventable conditions have focused on trying to dissuade patients by limiting payment for visits or charging upfront fees for nonurgent conditions, increasing copayments, and steering patients away from the ED to urgent care or primary care provider offices. 47 Our results suggest that disadvantaged patients, including those with limited health literacy do not have access or do not access high-quality outpatient care. Until the underlying reasons disadvantaged groups including those with limited health literacy have more potentially preventable ED visits than those with adequate literacy are identified and addressed, dissuading individuals from accessing emergency medical services is unlikely to be successful and may be harmful.
